Aeromonas strains which phenotypically and genetically belong to the Aeromonas salmonicida species but that according to their phenotypic properties constitute a new subspecies have been isolated from the water of a heavily polluted river, the Matanza river, situated near the central district of Buenos Aires city. These strains were ascribed to the A. salmonicida species by using 65 biochemical tests and by DNA-DNA hybridization. They produce acid from D-sorbitol, an unusual biochemical property found in a few members of the A. salmonicida species. They also utilize urocanic acid and do not ferment L-rhamnose or utilize LD-lactate, and are elastase-and gluconate-negative. The DNA relatedness was over 70 %, the current limit accepted for the phylogenetic definition of a species, to the described A. salmonicida subspecies and nearly 100 % within the new group of Aeromonas strains. Phenotypic differentiation from other A. salmonicida subspecies was readily achieved using the following characteristics : growth at 37 SC, melanin production, indole and Voges-Proskauer assays, growth on KCN broth, mannitol and sucrose fermentation and gas from glucose. A remarkable property of the strains of the new group was their ability to degrade polypectate, an unusual feature among Aeromonas species in general. The complete 16S rRNA gene of one strain of the new group was sequenced. Comparison with rDNA sequences of Aeromonas members available in databases revealed a close relationship between this strain and strains belonging to A. salmonicida subsp. salmonicida, masoucida and achromogenes, in agreement with the biochemical data. Since the new A. salmonicida strains constitute a tight genomic group that can be identified by phenotypic properties it was concluded that they represent a new subspecies for which the name Aeromonas salmonicida subsp. pectinolytica is proposed. The type strain of A. salmonicida subsp. pectinolytica is 34mel T (lDSM 12609 T ).
INTRODUCTION

Aeromonads belong to the recently defined family
Abbreviation : LDC, lysine decarboxylase.
The EMBL accession number for the 16S rDNA sequence of strain 34mel T is AF134065.
tematic Bacteriology Subcommittee on the taxonomy of Vibrionaceae, 1992), within the γ subclass of the Proteobacteria. They are oxidase-positive, facultatively anaerobic, Gram-negative rods which are resistant to the vibriostatic agent O\129 and are commonly found in fresh water and sewage. Metabolism of glucose is both respiratory and fermentative. Bergey's Manual of Systematic Bacteriology includes four species in the genus : Aeromonas salmonicida,
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Aeromonas hydrophila, Aeromonas caviae and Aeromonas sobria (Popoff, 1984) . However, DNA-DNA hybridization studies have indicated the existence of at least 14 Aeromonas DNA hybridization groups. Based on these genetic studies and on biochemical characterization of numerous isolates the number of recognized Aeromonas species has noticeably increased during the last few years (Alı! et al., 1996 ; Allen et al., 1983 ; Carnahan et al., 1991a, b ; Esteve et al., 1995 ; Hickman-Brenner et al., 1987 Huys et al., 1997 ; Janda & Abbott, 1998 ; Martı! nez-Murcia et al., 1992 ; Popoff, 1984 ; Schubert & Hegazi, 1988 ; Schubert et al., 1990a, b) .
Members of the originally defined A. salmonicida species reside in hybridization group 3, which is typically broken down into (1) non-motile, psychrophilic strains isolated from fish, and (2) motile, mesophilic strains isolated from several sources. The former are described in Bergey's Manual as included in the subspecies A. salmonicida subsp. salmonicida, A. salmonicida subsp. achromogenes and A. salmonicida subsp. masoucida. A. salmonicida subsp. smithia has been published since (Austin et al., 1989) . The latter are referred to as A. hydrophila, based on historical findings (Popoff, 1984) , but they await proper taxonomic allocation.
We have now isolated from the water of a heavily polluted river, the Matanza river, situated near the central district of Buenos Aires city, Aeromonas strains which phenotypically and genetically belong to the A. salmonicida species but that according to their phenotypic properties constitute a new A. salmonicida subspecies.
METHODS
Bacterial strains. The three new strains of Aeromonas isolated during this study (34mel T , 85mel and 93mel) were recovered from the water of the Matanza river (Buenos Aires, Argentina) : one in autumn 1988 and the other two in winter 1991. Repetitive platings on Luria-Bertani medium (LB medium) were performed at 32 mC under aerobic conditions. The strains were stored at k20 mC in LB medium with 20 % glycerol. Biochemical studies. The three Aeromonas strains recovered from the Matanza river were phenotypically characterized using a battery of 65 biochemical tests in conventional media. These tests included carbohydrate fermentation studies, utilization of different carbon sources, extracellular enzymic tests and pigmentation. All of the test methodologies have been previously described (Abbott et al., 1992 ; Janda et al., 1996) . Unless otherwise specified, tests were incubated at 35 mC for 2-4 d (7 d for carbohydrate fermentation and extracellular enzymes) after which final Only variable results are shown in the table. The following tests gave identical results for the three strains of the 34mel group : indole (j) ; Voges-Proskauer (25 mC) (j) ; citrate, Simmons (j) ; ONPG (j) ; acetate (j) ; urea, Christensen's (k) ; LDC (k) ; ornithine decarboxylase (k) ; acid from -glucose (with gas) (j), -arabinose (j), -rhamnose (k), cellobiose (j), lactose (j), sucrose (j), glycerol (j), -sorbitol (j), salicin (k) ; aesculin hydrolysis (k); pigmentation, brown (25 mC) (j) ; polypectate degradation (25 mC) (j); H # S (gelatin-cysteine-thiosulfate medium) (k); gluconate oxidation (k) ; urocanic acid (j); -lactate (k); DNase (j) ; gelatinase (j) ; elastase (k) ; and corn oil lipase (j). All reactions are at 35 mC unless otherwise specified.
Test
Phenotype* Reaction of type strain
results were recorded. Biochemical reactions presented in Table 1 are at 48 h. In addition, DNA extracted from the strains 34mel T , 85mel and 93mel was subjected to PFGE analysis using a CHEF II system (Bio-Rad) after digestion with XbaI endonuclease. Running conditions were 20 h, 200 V, 14 mC, with a ramp of 2n16 s to 54n17 s. DNA-DNA hybridization. The genetic relatedness between the isolated strains and between these and members of several Aeromonas species was determined by DNA-DNA hybridization on nylon membranes (Johnson, 1991) . Serial dilutions of cell suspensions of equal OD '!! in denaturation solution (0n5 M NaOH, 1n5 M NaCl) were applied to nylon membranes (Pall Biodyne). The membranes were then neutralized with 1n5 M NaCl, 0n5 M Tris\HCl (pH 8) and baked for 2 h at 80 mC. Prehybridization (2 h) and hybridization (18 h) were performed at 65 mC in a buffer containing 0n15 M NaCl, 1 % SDS and 0n3 % non-fat dried milk. The hybridization probe was chromosomal DNA from strain 34mel T , digested with the AluI endonuclease and $#P-labelled using the Random Primers DNA Labelling System (Gibco, BRL). The results were scored first by autoradiography and then cutting the spots and measuring the radiation in a scintillation counter (Beckman). Similarity values were calculated as described by Johnson (1991) .
Sequencing of the 16S rRNA gene and phylogenetic analysis.
DNA from strain 34mel T was purified (Sambrook et al., 1989) , and the 16S rRNA genes were amplified by PCR (Saiki et al., 1988) by using the bacterial primer 27F (5h-AGAGTTTGATCMTGGCTCAG-3h), corresponding to positions 8-27 forward Escherichia coli numbering, and the universal primer 1492R (5h-GGTTACCTTGTTACGAC-TT-3h), corresponding to positions 1510-1492 reverse E. coli numbering. The following temperature cycles were performed : 94 mC for 5 min, 30 cycles of 94 mC for 60 s, 60 mC for 60 s and 72 mC for 60 s, followed by a final 7 min incubation at 72 mC. The PCR product was purified using Wizard PCR Aeromonas salmonicida subsp. pectinolytica Preps columns (Promega) and completely manually sequenced using a sequencing kit (SequiTherm EXCEL DNA Sequencing kit ; Epicentre Technologies). The obtained 16S rDNA sequence was aligned with all the rDNA sequences belonging to members of the family Aeromonadaceae available in the EMBL and the Ribosomal Database Project libraries (Maidak et al., 1997) by using the   program (Thompson et al., 1994) . Phylogenetic trees were constructed by the neighbour-joining distance method (Kimura two-parameter model and jumble option) and parsimony character method, using programs contained in the  Phylogeny Inference Package, version 3.5p (Felsenstein, 1989) . The stability of the relationships in the trees was assessed by bootstrapping (1000 replicates) with programs included in the same package. (Maidak et al., 1997) .
RESULTS AND DISCUSSION
Identification to the genus level
The 34mel T , 85mel and 93mel strains isolated from the water of the Matanza river have the main phenotypic characteristics of the genus Aeromonas (Popoff, 1984) . The cells are Gram-negative rods that occur singly, in pairs or short chains. They are oxidase-and catalasepositive, reduce nitrate to nitrite and are resistant to the vibriostatic agent O\129 (10 µg\150 µg). They also elaborate gelatinase and DNase. They are facultative anaerobes, produce acid and gas from -glucose and -trehalose, but fail to utilize either malonate or mucate, produce phenylpyruvic acid, and ferment raffinose, adonitol, dulcitol, erythritol, m-inositol, melibiose, amygdalin, -arabitol and -xylose. Key reactions for these three strains at 48 h are listed in Table 1 . PFGE typing of each isolate indicated that Table 2 . DNA relatedness ( %) between the strains of the 34mel group and other Aeromonas species and subspecies Labelled DNA probe 34mel group A. salmonicida subspecies Aeromonas species 34mel T 85mel 93mel achromogenes masoucida salmonicida smithia hydrophila media eucrenophila sobria 34melT 100n0 9 9 n6 9 9 n8 7 4 n3 7 5 n1 7 6 n1 7 3 n2 1 5 n9 1 7 n8 2 8 n3 3 4 n8 A. salmonicida subsp. salmonicida 76n7 7 7 n3 7 5 n6 7 3 n8 7 7 n2 100n0 7 4 n3 7 5 n9 1 8 n3 2 0 n5 3 0 n7
A. hydrophila 15n1 1 4 n7 1 7 n1 1 4 n1 1 8 n9 1 2 n4 1 7 n6 100n0 4 2 n3 2 2 n3 2 5 n1 these were distinct strains and not isolates of a single clone (not shown).
Identification to the species level
The 34mel T , 85mel and 93mel strains isolated from the Matanza river were ascribed to the A. salmonicida species by using a battery of 65 biochemical tests as described by Abbott et al. (1992) and Janda et al. (1996) , and by DNA-DNA hybridization analysis. They produced acid from -sorbitol, an unusual biochemical property only found in a few members of the A. salmonicida species. They also utilized urocanic acid and did not ferment -rhamnose or utilize -lactate, and were elastase-and gluconate-negative. The DNA relatedness to type strains of A. salmonicida subsp. achromogenes, A. salmonicida subsp. salmonicida, A. salmonicida subsp. masoucida and A. salmonicida subsp. smithia is shown in Table 2 . In all these cases the DNA relatedness was more than the current limit (70 %) accepted for the phylogenetic definition of a species (Stackebrandt & Goebel, 1994 Austin et al. (1989) ; ; Huys et al. (1997) ; Janda et al. (1996) ; Popoff (1984) . teristics : growth at 35 mC, melanin production, indole and Voges-Proskauer assays, growth on KCN broth, mannitol and sucrose fermentation and gas from glucose as shown in Table 3 . 34mel T , 85mel and 93mel are distinguished from the group of motile, mesophilic A. salmonicida and from A. hydrophila, Aeromonas bestiarum and Aeromonas popoffii through the following phenotypic characteristics : motility, melanin production, -lactate and urocanic acid utilization, sucrose and -sorbitol fermentation and lysine decarboxylase (LDC) reaction as shown in Table 3 .
A remarkable property of the strains isolated from the Matanza river is their ability to degrade polypectate, an unusual feature among Aeromonas species in general.
Phylogenetic analysis
The complete 16S rRNA gene of one of the strains (34mel T ) isolated from the Matanza river was sequenced. Comparison with rDNA sequences of Aeromonas members available in databases revealed a close relationship between this strain and strains belonging to A. salmonicida subsp. salmonicida, A. salmonicida subsp. masoucida and A. salmonicida subsp. achromogenes (Fig. 1) . In the tree obtained using the neighbour-joining method, A. salmonicida subsp. salmonicida, A. salmonicida subsp. masoucida, A. salmonicida subsp. achromogenes and the 34mel T strain form a tight cluster with 98 % bootstrap value and the 34mel T strain is strongly associated with A. salmonicida subsp. salmonicida (88 % bootstrap value).
